Background -The prevalence and morbidity of asthma vary greatly among different ethnic communities and geographical locations, but the roles of environmental and genetic factors are not fully understood. The differences in prevalence of adult asthma among Chinese, Malay, and Indian ethnic groups in Singapore were examined, and the extent to which these could be explained by personal and environmental factors were investigated. Methods -A stratified disproportionate random sample (n = 2868) of Chinese (n = 1018), Malays (n = 967), and Indians (n = 883) of both sexes was drawn from households in five public housing estates, and an interviewer administered questionnaire was used to determine cumulative and current prevalence of "physician diagnosed asthma" (symptoms with a physician diagnosis of asthma). Results -Lifetime cumulative prevalence (standardised to the general population) of "physician diagnosed asthma" was 4 7% in men and 4 3% in women; 12 month period prevalences were 2-4% and 2-0%, respectively. Cumulative prevalence of asthma was significantly higher in Indians (6-6%) and Malays (6-0%) than in Chinese (3-0%); period prevalences of asthma were 4-5% in Indians, 3*3% in Malays, and 0-9% in Chinese. Ownership of cats or dogs was more frequent in Malays (15-4%) and Indians (11-2%) than in Chinese (8-8%). Rugs and carpets were also more frequently used by Malays (52-2%) and Indians (40-7%) than by Chinese (8-9%). Current smoking prevalences were higher in Malays (27-3%) than in Indians (19-4%) and Chinese (23-0%). Malays and Indians did not have higher rates of atopy (11-1% and 15-2%, respectively) than Chinese (15-4%). Adjustment for these factors in multivariate analyses reduced the greater odds of asthma in Malays and Indians, but not to a signific-
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Conclusions -There are ethnic differences in the prevalence of asthma in Singapore which are not entirely explained by differences in smoking, atopy, or other risk factors. Other unmeasured environmental factors or genetic influences are likely to account for residual differences in the prevalence of asthma. This study was undertaken to examine differences in the prevalence of adult asthma among the three major ethnic populations of Singapore, and to determine whether these could be accounted for by differences in the prevalence of specific personal and environmental factors in each of the three ethnic groups.
Methods
Over 85% of households (those within the low to middle income brackets in Singapore) live in modern, low cost, high rise flats in public housing estates. We chose to study residents of public housing estates with this socioeconomic restriction in mind for the study population. gens. Other questions were asked on past and current smoking habits, current and previous occupations, and whether they currently kept rugs or carpets, cats or dogs, and birds. Socioeconomic status was defined according to the sizes of flats occupied by the households, since residents in larger flats (four or more rooms) generally have higher mean monthly household incomes (S$3165) than those in one to three room flats (S$2063). '3 Because of the disproportionate sampling by age, the prevalence of asthma for each of the three ethnic groups was examined by extrapolating the sample estimates to reflect the actual age distribution in the general population in 1991 using the direct method for age standardisation. Differences in age specific prevalence between races were evaluated using the Mantel-Haenzsel procedure for data stratified according to age. The odds ratios of association of asthma with race, when adjusted for these factors in multiple logistic regression analyses, are shown in table 4. These adjusted odds ratios remained significantly high for Malays and Indians. Possible modifications between sex and race were examined in the logistic models but no statistically significant interactions were observed. In these multivariate analyses rhinitis or eczema was shown to be very strongly and significantly associated with all sets of asthma symptoms including physician diagnosed asthma; the odds ratios for "ever physician diagnosed asthma" was 3-51 (95% CI 2-43 to 5 09), and for "current physician diagnosed asthma" was 3-23 (95% CI 1-97 to 5 30) . The odds ratios of associations with past smoking were significant for "current physician diagnosed asthma" (2-28, 95% CI 1-16 to 4 48), and of borderline significance for "ever physician diagnosed asthma" (1 74, 95°% CI 0-98 to 3-10). Area of residence was also significantly associated with physician diagnosed asthma being higher in two areas (Jurong East and Toa Payoh). The keeping of dogs or cats at home was significantly associated with ever nocturnal symptoms (1-74, 95% CI 1-08 to 2 95). Other factors were not shown to be independently associated with asthma.
Discussion
The difficulties of defining asthma in epidemiological studies are well known. Despite the efforts made to ensure valid responses to questions about the presence of asthma, it is possible that wheeze may nevertheless be understood differently among the three races. As is commonly observed in other studies, responses to wheeze appeared to be more variable and less specific, especially in women. However, the use of a combined set of asthmatic symptoms, supported by a physician diagnosis of asthma, would appear to lend great intrinsic validity. It would be desirable, nevertheless, to conduct further studies using non-specific bronchial provocation tests to confirm the observed racial differences in asthma.
The response rate of 72-8% was reasonably high, but the possibility of sampling bias should still be considered. There was some variation in response rate by ethnic group: Chinese 68%, Malays 82%, and Indians 81%.
However, we do not know how the responses varied among asthmatic and non-asthmatic subjects within the population. If asthmatic subjects were more inclined to agree to an interview, it is possible to attribute the observed ethnic differences in the prevalence of asthma to differential response bias among ethnic groups. However, we do not think this is likely. In many previous community surveys we have repeatedly observed that non-Chinese subjects are more likely to consent to interview than Chinese and this is likely to reflect a cultural and socioeconomic characteristic rather than a health related bias. In a related community based polyclinic study'4 we have also noted that Malays and Indians were, if anything, less inclined than Chinese to seek medical attention for their symptoms. The results should also be viewed together with a previously reported observation of similarly higher rates of asthma in children and young people among Malays and Indians.'2 Furthermore, the present findings were well corroborated by results from a parallel case-control study of adult asthma'4 which also showed that Indians and Malays do, indeed, experience higher rates of asthma and more severe disease than Chinese.
The confidence intervals associated with the adjusted odds ratio for race are not as wide as should be the case if intraclass correlation arising from cluster sampling is taken into account. Nevertheless, the directly standardised estimates of asthma prevalence should carry even wider confidence intervals than with indirect adjustment, yet clear ethnic differences are still evident.
The It is interesting to note that all three ethnic groups live in close proximity to each other rather than in ghettos, and occupy the same block of flats in each housing estate in the same proportion as that found in the general population. It is therefore evident that climatic and other general environmental factors including industrial or urban air pollution cannot explain these ethnic differences in rates of asthma. The higher proportion of Chinese who resided in larger flats is consistent with a known moderate difference in socioeconomic status among the three races (average monthly household income for Chinese, Indians, and Malays are S$32 13, S$2859, S$2246, respectively in 1990'3). The evidence for an association of asthma with social class is variable,925 28 with the weight of evidence favouring the view that those with lower socioeconomic status are less likely to have asthma. Hence, socioeconomic differences were even less likely to explain the observed racial difference in the prevalence of asthma.
Clinical atopic disease is well known to be associated with asthma, as are other markers of atopy. Although rhinitis and eczema were shown to be the strongest risk factors for asthma in the present study, there were no significant differences in atopic disease among the ethnic groups to explain the observed ethnic differences in asthma. Although differences in the prevalence of atopy may account for regional differences in the prevalence of asthma, such differences have not always been shown when comparing areas of high and low asthma prevalence.2>3' Environmental factors such as the keeping of cats, dogs, or birds, and rugs or carpets are well known to predispose to the development of common allergies. In this study only the keeping of dogs or cats was shown to be significantly associated with nocturnal symptoms of asthma. Findings of nil or negative associations have been commonly reported,32 34 however, probably because current exposure may not be relevant and only a few subjects with potential exposure to aeroallergens through contact with pets or the use of rugs and carpets develop asthma. Despite the demonstrable lack of association of these factors with asthma in the present study, it is likely that the higher frequencies of keeping rugs and carpets and pet animals is a contributing factor to the high rates of asthma in Malays and Indians.
Smoking has been shown to be a positive factor leading to the development of asthma symptoms and exacerbations.3536 This was also suggested by the data in the present study, and was especially evident in past smokers rather than current smokers (explainable by the fact that many with asthmatic symptoms had stopped smoking, probably upon doctor's advice). The prevalence of smoking is highest in Malays and lowest in Indians. Hence, while smoking may contribute to higher rates of asthma in Malays, the higher prevalence of asthma in Indians cannot be explained by smoking at all. Occupational exposures are a known factor causing or aggravating asthma and, indeed, Malays are more likely to be engaged in service, agricultural, or manufacturing jobs involving greater likelihood of occupational exposures. Hence, occupational exposures may also partly explain the higher rates of asthma in Malays.
In conclusion, higher rates of asthma were observed among Malays and Indians than Chinese in Singapore. These were not explainable by differences in socioeconomic status or atopy. Greater prevalence of environmental factors such as the keeping of carpets and rugs and of pet animals, smoking, and occupational exposures were found in Malays and Indians, although these factors do not entirely explain the observed ethnic differences in asthma. Other unmeasured environmental factors or genetic influences are likely to account for residual differences in the prevalence of asthma.
